The present study discusses the formation of a conductive film from noble metal nanoparticles on a stainless steel substrate for use in the manufacture of electrical components, such as connectors. The proposed method consists of ondemand dispensing with nanoparticle paste followed by a brief preheating and laser sintering. The major results obtained are as follows: the laser sintering formed a gold film with a diameter of 0.8 mm and a thickness of 0.3-1.0 μm on the stainless steel substrate without any surface pretreatment; a laser with a wavelength of 915 nm enabled instantaneous sintering within one second in air; the laser-sintered gold nanoparticle film had such a high adhesion to the substrate that no separation occurred after 90°-0.5R bend-peel tests; the high adhesion was attributed to the interdiffusion of gold, iron, chromium and nickel in the course of sintering; primary sintering of the preheated gold nanoparticles at 523 K for 60 s with a small amount of solvents, and secondly sintering from the substrate side proceed simultaneously, making possible efficient sintering of the nanoparticles as well as high adhesion to the substrate; the laser-sintered gold film possessed a very good electrical property.
Introduction
Various semiconductor technologies have achieved a remarkable development in the electronics industr y, including connectors which make it possible to connect active and passive elements. In association with the reduced size of electronic devices, the need for small-size and highly reliable electrical contacts has become increasingly pressing. [1, 2] Improvements in materials and processing technologies are one possible solution. As for spring materials, conventional brass, phosphor-bronze, nickel silver or beryllium-copper now tend to be substituted for stainless steel. [3, 4] Ferritic stainless steel, which has high formability and bend-strength is used for IC leadframes, while austenitic stainless steel is more applicable to electrical contacts because of its better spring property and higher corrosion resistance. [5] Gold electroplating is applied to the contact area to maintain the desired level of reliability on low contact-resistance and solder wettability. [6, 7] As stainless steel has a passivation surface, it generally needs surface activation before electroplating by means of acid dipping or electrolytic treatment. Besides, the surface requires a middle layer formed by strike electroplating with nickel or gold to obtain firm adhesion. [8] From an industrial point of view, cost-effective measures ought to be taken in electroplating, including the reduction of gold consumption and a short processing time; an ecofriendly process is also desirable. To meet with these requirements, a novel process for electrical contact forming, which combines dispensing a silver nanoparticle paste with laser sintering, has been proposed. [9] Basically, it is an ink-jet printing technology used in the printed electronics industry, having the advantages of fewer processes without the need for a substantial chemical solution, as compared to conventional photolithography, and ondemand patterning without a masking process, as compared to electroplating. In addition, the sintering temperature can be reduced to one much lower than the melting point of the bulk material because a size effect appears in 
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Transactions of The Japan Institute of Electronics Packaging Vol. 9, 2016 particles as small as around 10 nm in diameter. [10] Thermal damage to the substrate should be lessened, however, the furnace sintering requires a heat treatment at least 500 K for 60 min to obtain a high conductivity similar to that of the bulk material. [11] To overcome the metallization problem, much attention has been paid to laser sintering or localized heating with a laser beam. [12, 13] The present study investigates the potential of ondemand laser-sintering technologies with gold nanoparticles to replace conventional electroplating in the formation of electrical contacts to be used for stainless steel connectors. The proposed dry process has the potential of solving most of the problems related to electroplating, as described above. The paper first describes the experimental procedures of the dry process designed to form a gold film on a spring material made of stainless steel. Second, adhesion between the sintered film and the substrate is tested with a view to its practical applications. Finally, the mechanism of the laser-based conductive film formation is discussed with reference to Auger electron spectroscopy and spectroscopic analysis. The whole process was conducted in air. First, the stainless steel substrate was ultrasonically cleaned with ethanol, and then partially coated with the gold nanoparticle paste of 2.2 nL. Second, the hotplate provisionally heated the specimen at 523 K for 60 s. Finally, the specimen was irradiated using the laser diode at 15-35 W for 0.1 s, yield- 
Experimentation

Materials and procedures
Experimental evaluation
Bend-peel tests were carried out to evaluate the adhesive strength of the sintered film. The specimen was bent into a right angle by a punch with a sharpness of 0.5R, and then bent back and reflattened; this was followed by peel- μm thick was formed using a spin coater at 2,000 rpm × 60 s, and then the specimen was dried by a hotplate at 523 K for 60 s before spectroscopic analysis.
The electrical property of the sintered film was evaluated to examine applicability to electrical contacts. 
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Yamaguchi et al.: Selective Laser Sintering with Gold Nanoparticles on Stainless Steel (5/8) thickness is almost double, a similar film quality to the laser-sintered one at 25 W is obtained. Note that direct electroplating of gold on the SUS304 resulted in an easy separation of the gold film.
It has been reported that the irradiation of a plating bath by a YAG laser beam makes it possible to form a localized coat on the immersed substrate. [14, 15] The optimization of laser irradiation conditions enables electrolytic deposition at a small area of 4 μm in diameter. This type of laser plating makes use of the heat generated on the substrate surface, so that it is difficult to control heat conduction and consequent electrodeposition, which leads to excessive deposition, uneven precipitation, remelting of the deposit, etc. The proposed method consisting of on-demand dispensing with nanoparticle paste followed by a brief preheating and laser sintering has solved these shortcomings. This indicates an interface between the gold film and the stainless steel substrate. It seems that interdiffusion at the interface contributes to good adhesion; however, at the interface some oxides exist, such as Cr 2 O 3 , CrO 3 , and NiO.
AES analysis of laser
In general, chromium passive layers generated instantaneously are hard and prevent interdiffusion. [16] To breakdown such layers and keep adhesion strength, it is necessar y to add an auxiliar y process, such as strike electroplating. [4] However, it seems that the laser sintering induced partial breakdown of the metal oxides due to rapid heating within 0.1 s and cooling, making it possible the interdiffusion of gold and other substrate elements.
Since the gold in the course of sintering involves plenty of defects and the gold concentration is low at the interface,
showing the sharp gold signal in Fig. 9 . 
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Transactions of The Japan Institute of Electronics Packaging Vol. 9, 2016 The resistance of the gold laser-sintered film formed at 25 W remained constant during reciprocated-sliding performed 3,000 times; the experimentation has been reported elsewhere.
Laser sintering mechanism
Properties for electrical contacts
[18] Figure 12 shows an example of product application. An SUS304 connector part for a memory card has the areas of an electrical contact and a soldered joint to land patterns on a PCB board. Both minute areas were formed by precise stamping, being followed by gold-film deposition by the proposed method. On-demand dispensing of the nanoparticle paste only to the contact area and soldering surface can reduce gold consumption, and the film thickness can be controlled by varying the amount of dispensing paste. Moreover, there is no need of undercoating to the substrate: e.g., nickel or gold strike electroplating. [5] In contrast, these pretreatments are a prerequisite for the conventional electroplating, and it is extremely difficult to carry out selective plating to the minute soldering area as 
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Conclusions
The present study focused on the formation of a conduc- 2) The laser-sintered gold nanoparticle film formed at a laser power of 25 W had such a high adhesion to the substrate that no separation occurred after 90°-0.5R bend-peel tests. The high adhesion was attributed to interdiffusion of gold, iron, chromium and nickel in the course of sintering.
3) Primary sintering of the preheated gold nanoparticles at 523 K for 60 s with a small amount of solvents, and secondly sintering from the substrate side proceed simultaneously, making possible efficient sintering of the nanoparticles as well as high adhesion to the substrate.
4) The laser-sintered gold film possesses a very good electrical property. The contact resistance was reduced to 1/100 compared to that of the bare SUS304, and a low value of 0.09 Ω was maintained by reciprocated-sliding performed 3,000 times.
